ABSTRACT OBJECTIVE: To investigate maternal serum adiponectin and Ιnterleukin-1beta (IL-1β) levels during the pre-and post-partum periods in pregnant women with and without Gestational Diabetes Mellitus (GDM). DESIGN: Thirty control pregnant Caucasian women without GDM and thirty Body Mass Index (BMI) and age-matched Caucasian women with GDM examined in the outpatient clinic between the 24 th and 26 th week of their pregnancy and on the 3 rd day postpartum underwent anthropometry and had serum blood taken. Both groups, were monitored by a dietitian and had comparable weight gain during pregnancy. Birth weight was also measured. RESULTS: At the 3 rd day postpartum, compared to the 2 nd trimester of pregnancy, women with GDM had lower serum adiponectin levels, lower serum IL-1β levels and lower Homeostasis Model Assessment for Insulin Resistance (HOMA-IR) values. At the 2 nd trimester of pregnancy, women with GDM had lower serum adiponectin levels, higher IL-1β and higher HOMA-IR values compared to women without GDM. At the 3 rd day postpartum, women with GDM had lower serum adiponectin levels, higher IL-1β and higher HOMA-IR values compared to women without GDM. Second trimester serum adiponectin values of women with GDM correlated negatively with birth weight. CONCLUSIONS: Gestational diabetes is a state of insulin resistance associated with altered levels of proinflammatory cytokines, increased IL-1β and decreased adiponectin values. Both of these alterations might be attributed to placental pathology in pregnancies with GDM.
IntroductIon
During pregnancy, metabolism undergoes important changes due to the growing fetus and placenta and the increasing metabolic needs of the mother. Pregnancy is associated with alterations in the regulation of glucose metabolism caused by the actions in the process of insulin resistance in pregnancies with and without GDM. Recent data showed a possible dysregulation of human placenta function in pregnancies with GDM, 27 while it is known that in these pregnancies insulin resistance disappears at 8-12 weeks post-partum. 28, 29 There are as yet no studies showing the serum concentrations of IL-1β and adiponectin immediately after delivery in pregnancies with GDM. The aim of our study was to investigate the possible interplay of maternal serum adiponectin and IL-1β levels in pre-(2 nd trimester) and post-partum (3 rd day after delivery) periods, as well as their effect on birth weight in Body Mass Index (BMI) matched pregnant women with and without GDM.
MaterIals and Methods

Patient recruitment
The study had the approval of the local Ethics Committee and written informed consent was obtained from all subjects. Thirty control primigravidae pregnant Caucasian women [with mean BMI ( SD) of 26.2  3.6 kg/m 2 and aged 31.2  4.5 years] and thirty BMI and age matched primigravidae pregnant Caucasian women with Gestational Diabetes [mean BMI ( SD) of 26.6  4.9 kg/m 2 and aged 32.2  3.4 years] recruited randomly from the Obstetrics and Gynecology outpatient clinic of the Aretaieion University Hospital. GDM was diagnosed after a 75gr Oral Glucose Tolerance Test (OGTT), carried out between the 24 th and 26 th week of pregnancy using the WHO criteria. 30, 31 During pregnancy and labor, no intrauterine infection, preeclampsia, pregnancy-induced hypertension or any other pregnancy complication occurred and all studied mothers were non-smokers.
Protocol
The recruited pregnant women were seen in the outpatient clinic between the 24 th and 26 th week of their pregnancy and on the 3 rd day postpartum. Throughout pregnancy, the women were followed up by a dietitian. At each visit they were submitted to the following clinical and biochemical examination:
i) Anthropometric measurements
All measurements were carried out by a single observer. Maternal weight was measured in kilograms of hormones that antagonize the actions of insulin, leading to a state of relative insulin resistance as pregnancy progresses. The decrease of insulin sensitivity during pregnancy parallels feto-placental unit growth and resolves following placenta delivery. Gestational Diabetes Mellitus (GDM) affects roughly 4-8% of pregnancies.
1-3 It has been suggested that in GDM there is a partially acquired and partially inherited insulin resistance preceding pregnancy. The partially acquired insulin resistance increases even in women without GDM during the second half of pregnancy and disappears postpartum. 4, 5 Placenta is involved in the process of insulin resistance and fetal growth in both non-diabetic pregnancies and in pregnancies complicated by GDM through human placental lactogen and placental growth hormone production. 6 Recently, human placenta and adipose tissue have been found to produce various pro-inflammatory factors, including cytokines such as Interleukin-1 beta (IL-1β) and adiponectin [7] [8] [9] Adiponectin is an adipocytokine with profound insulin sensitizing, anti-inflammatory and antiatherogenic effects. 10, 11 It has also been proposed that adiponectin may play a role in regulating fetal growth in pre-term and term infants of non-diabetic pregnancies. 12, 13 Previous studies have shown hypoadiponectinemia in the 2 nd trimester of pregnancies complicated by GDM, as compared to normal pregnancies. 14, 15 In addition, adiponectin is negatively correlated to 2h plasma glucose and insulin concentrations of the oral glucose tolerance test in pregnancies with and without GDM 16 and positively to insulin secretion sensitivity index only in pregnancies with GDM. 17 Studies show no significant change of maternal serum adiponectin during all trimesters of normal pregnancy, 18, 19 while others show progressive decrease. 20, 21 Furthermore, IL-1β, a pro-inflammatory cytokine, has been suggested as being involved in the process of glucotoxicity and impaired insulin secretion in diabetes mellitus, while it is increased at pre-term labor in non-diabetic pregnancy and in atherogenesis in patients with coronary heart disease. [22] [23] [24] [25] [26] To date, there are no studies comparing maternal serum levels of IL-1β between pregnancies with and without GDM.
During pregnancy, adipocytokines are produced not only by the adipose tissue but also by the placenta; it is thus not known to what extent the latter is involved to the nearest 0.1 kg on a beam balance. Height in meters was measured to the nearest mm using a stadiometer and the BMI in kilograms per square meter was calculated. Postpartum BMI was not significantly different between the two groups. Women with and without GDM had BMI of 30.3±4.3 and 29.9±4.1, respectively (p=0.450). The weight of the neonate at birth was taken by a single paediatrician.
ii) Biochemical assays
After an overnight fast, a 75 gr OGTT was performed and blood samples were drawn for measurement of glucose, insulin, IL-1β, adiponectin, estradiol and progesterone at the time-points of 0 min and at 5, 15, 30, 60, 90 and 120 min for measurement of insulin and glucose. Blood samples were stored at -70° C. Insulin levels were determined using the Medgenic immunoenzymetric assay (Biosource-Europe SA, 1400 Nivelles, Belgium). Estradiol and progesterone levels were determined using the analytical performance of new estradiol and progesterone assays performed on the Bayer Immuno 1 system (Bayer Corp. Business Group Diagnostics, Tarrytown NY 10591-5097, USA). Inter-and intra-assay coefficients of variation for estradiol were 6.4% and 5.8%, respectively, and for progesterone <7.7% and 8.2%, respectively. IL-1β was determined using an ELISA human kit (purchased from R&D Systems Inc, Minneapolis, Minnesota, 55413, USA). IL-1β sensitivity was less than 1pg/mL. Inter-and intra-assay coefficients of variation were 8.4% and 8.5%, respectively. Serum adiponectin was determined using an ELISA kit (purchased from Chemicon International Inc., Temecula, CA, USA). Adiponectin sensitivity was 0.1 ng/mL with a range of detection from 0.230 to 15.0 ng/mL. Inter-and intra-assay coefficients of variation were 9.8% (at 7.5 ng/mL) and 8.4% (at 3.7 ng/mL), respectively. Insulin resistance was derived from fasting glucose and insulin levels using the homeostasis mathematical model assessment (HOMA-IR) [insulin at baseline (pmol/L) x glucose at baseline (mmol/L)]/135. 32 
Statistical analysis
Data are described as mean  SD (median and interquartile range for data not normally distributed). The Mann Whitney U test was used to test for differences between the two groups on a continuous measure in instances of non-normally distributed variables. To test for changes of variables pre-and post-partum in a group of patients, the Wilcoxon signed rank test was used for non-normally distributed variables. To test the associations between different variables, the Spearmann correlation analysis was performed. A p-value of <0.05 was considered to be significant. The SPSS statistical software No 12 was used for statistical analysis (SPSS Inc., Chicago, IL, 60606, USA). Estradiol and progesterone levels did not differ between pregnant women with and without GDM at all time-points studied.
Comparisons of adiponectin and IL-1β levels and HOMA-IR values between groups of pregnant women with and without GDM at preand post-partum periods
At the 2nd trimester of pregnancy, women with GDM had significantly lower serum adiponectin levels compared to normal pregnancies [ 
Correlations of adiponectin and IL-1β levels with birth weight
Serum adiponectin in the 2 nd trimester of GDM pregnancies correlated negatively with birth weight (p=0.005, r=-0.6). There was no statistically significant correlation between serum adiponectin levels and birth weight in normal pregnancies (p=0.310). There were no statistically significant correlations between adiponectin and IL-1β levels at the studied time-points nor between pre-to post-partum change (Δ) of adiponectin and IL-1β levels in GDM pregnancies (p=0.421).
dIscussIon
In this prospective study, we investigated the pre-and post-partum serum levels of adiponectin and IL-1β in parallel with insulin resistance in BMI matched pregnancies with and without GDM. Pregancies with GDM had a weight gain similar to pregnancies without GDM. Placenta is an endocrine organ producing hormones and cytokines, involved in the process of pregnancy and labor induction. 25, 34 Previous studies have shown placental production of cytokines such as IL-1β and adiponectin in normal pregnancy. 8, 9, 27 In the present study, pregnant women with GDM showed at second trimester (a period of insulin resistance development) higher insulin resistance compared to BMI-and age-matched pregnant women without GDM. Furthermore, pregnant women with GDM presented at 2 nd trimester lower serum adiponectin and higher IL-1β levels than women without GDM. Thus, it seems that GDM is associated with increased pro-inflammatory cytokine production such as IL-1β and lower production of adiponectin, an insulin sensitivity-related adipocytokine. These findings are in accordance with recent studies reporting that pregnancies with GDM are associated with low adiponectin levels during the 2 nd trimester [35] [36] [37] and increased levels of TNFα, IL-6 and high sensitivity (hs) CRP, all indicators of a pro-inflammatory status. 35, 37, 38 In the present study, it is shown that IL-1β levels follow a pattern similar to the other pro-inflammatory cytokines in pregnancies with GDM. The source of maternal pro-inflammatory cytokines during pregnancy is not entirely clear.
In the present study, serum IL-1β and adiponectin levels significantly decreased from the 2 nd trimester of pregnancy to the 3 rd postpartum day in pregnancies with GDM. It is possible that this postpartum reduction of adiponectin levels reflects the insulin resistance-associated adiponectin decrease during pregnancy in GDM. In normal pregnancies, a decreasing trend in adiponectin values was observed. Recently, it was shown that serum hsCRP decreased while TNFalpha and adiponectin levels remained unchanged four months postpartum in pregnancies with and without GDM. 39 On the other hand, other investigators found hypoadiponectinemia during the 3 rd and 4 th day postpartum in normal lactating women. 40, 18 It has been suggested that this hypoadiponectinemia might be due to the suppression of adipocyte-produced adiponectin by prolactin. 40, 41 Otherwise, the significant decrease of the studied cytokines during the early postpartum period in pregnancies with GDM in this study could be explained by the withdrawal of cytokines produced by the placenta during pregnancy. 8, 9, 27 The role of the placenta in the production of adiponectin and IL-1β during pregnancy is further reinforced by the non-significant but clear downward trend of these cytokines during third day postpartum found in pregnancies without GDM. The 3 rd day postpartum is a period in which the effect of the placenta on maternal metabolism regarding insulin resistance has just been removed and lactation is started. It is possible that in pregnancies with GDM there is a more prominent placental adiponectin production, possibly to compensate for the increased insulin resistance, an effect that is modest in normal pregnancies. 19 Indeed, it has been suggested that there is an alteration of placental function in pregnancies with GDM. 27 Although not statistically significant, this study disclosed that pregnancies with GDM are associated with higher birth weights than pregnancies without GDM. Furthermore, the present study revealed maternal serum adiponectin levels at second trimester to be negatively correlated with birth weight in pregnancies with GDM. This is in accordance with previous studies indicating a negative correlation of macrosomia and/or birth weight with maternal adiponectin levels in pregnancies with GDM. 16, 37 By contrast, in pregnancies without GDM a positive correlation between fetal adiponectin and fetus-toplacenta weight ratio has been shown, suggesting a possible role of adiponectin in fetal growth. 12 Cseh et al have found an inverse relationship between the newborn's body length, head circumference and body weight and maternal TNF-alpha, leptin and C-peptide levels in pregnancies with GDM. 42 In our study, no correlation was found between maternal IL-1β and birth weight.
In conclusion, pregnancy with GDM is a state of insulin resistance associated with increased IL-1β and decreased adiponectin values. Both of these alterations might be attributed to placenta involvement in pregnancies with GDM. 
